436 % 51 M &K
20214 2 H

oA 5 om
REMOTE SENSING TECHNOLOGY AND APPLICATION

Vol.36 No.l
Feb.2021

5] B #% =X :Liu Qingsheng.Review of Patch Vegetation Detection from Remotely Sensed Data[ J].Remote Sensing
Technology and Application, 2021, 36 (1) : 25-32. [ R P& A= . B H bR Al e i J sy W0 AF 50 ke [T ). @ I H R 5 0

2021,36(1):25-32.]
doi:10.11873/j.issn.1004-0323.2021.1.0025

BE SRR A8 4 E AR T B 3T o R

7 A

(1L.PEHFRREHZETRART TREARREEALABRELER T, LR
2LFEHEZEFTRIFLEARABRMIF P S, L 7

1001015
210023)

HE. R REEIEREFEI—FFIRFALAGZTUNER ST EMNHBR . EBNREETFTE
BRIANMNTFIE—FFIFREAZAAIIAALTENASIRIIRGEHR AT L HEE
B E S A N AL . A6 A T @A & Ao K R A4S VLM 69 5 iR AL 8 B A PR, & ik ik 2 R
AR RGBSR A R T R AT E ., AR R R R F A RERK &R
WL K, € Rk A BE R AR A A M 0 2 B K R Ty @), i aTIE 20 a BE e ok A A 1R R Ae M A8 £ L ak
MR MR TIARAAR PG RE G HED LR RKE A TRTHENTH A TR
e kA A THASZORN Tk, ARE O ARERLS, Ll b b4 )5 5 kM
WE RN TFR TR TRL, EmBEHTAZLES>HE L L EBRBERKRELANS L
ERHAT ARG LR, TN G @ E ey Fr A A B R A, At —F 3R S sk

AR A A ] 84 A
x &

hESZES X171.4;,TP79 TR FRAEAD A

1 5 =

BEHORAE B R R LT R TR X W WL
A 4 TR A5 RN S LS R — g A N R T X3
B K 43— 37 43 BRI 1 7, g R AR
Yy Z REvE SR A W a B R M AR AR T
Bij AU v B 1k 438 5% A a2k S T RE I A2 B2 6
H,—HETRE—FETRXAES RGN
BE R AE B (32 XK A B R | H ST R A 4
() 28 [) 5 50k R N 280 2 T3 s ) | i 2= 4Rl
AR CERAR B SR IR S5 4, 3 4% 00 4 R Rl
AR EE T Al e 367 R R T R X
VR A K A 1B Z PR B PR LR SO S R AT
— BT BT AR B R R 50~750 mm A9 X B, {H IfF
B 7 7 A 1 = RN RS B, R AT DO D B R A

Y #s B #8 - 2020-01-20; f&1T H#A: 2021-01-25

6. B3R R A AL B AR T E AR ok
XEHE.1004-0323(2021)01-0025-08

Bt AR AT AR R — AN BRI R K
/NI 0.5 m* 2 1 200 m* A2 3 T e E
B 5 R RN BT 5 LA CE AT S R BT 1 28 BV 4y
BT B 08 B2 = A% 52— 1 52 Hl IR 2 4
VRN M A A R G0 A F Y A S K SCa AR Y
B, AT B2 BRSO 5% 2 SO AN
BE Bk A W 4 A S e s ) A SR R AE 2 B 9T B
HODR AR BT B ERE PR AL A0 A R R AE B
BBk MBS B AR R 2 T 3h B2 i A K AR Tk Y
KRR 2 —" R AR G T M TR A
T T AR S b A 000 B R R 43 A S S TR e
EAL G 5 vkt B B R 45 3, sz Al W )1
J7 RV () BRI, 9 A A 5 3 LR AT B ROk, BB ik
FEAE 7 X LY AR A5 S BIF 5T, K I R] W0 AF 5T AN )

HEWHE - HEARBFILETH (41671422 .41661144030.4151133012) , 8 58 & 5 0F & 3+ %0300 H (2016 YFC1402701) , v [ B} 27 B A% s
e TR W (XDA20030302) , [ 5K 1L it % 35 98 A5 35 B (SHZH-TWHR-57) .
PEZE B NP (1971—), 5 v UT M 1 WF9E 51, 32 28 A o R LS 43 BT 98 . E-mail: liugs@lreis.ac.cn



26 R

R 5

36 &

JRAE A Y L WL N 22 A A A R L ARAS — R I
(] B 52 1) R0, L3k b R BRI A 19 5 U4 B 9F AN iE
& BB A BIF 5 DX BE JOR A A% S5 3 25, 0 vk S
M 1o AH DG B 21 R R i s A A8 A BE A B I R
A 5 SR, f 3t UL I 2 8 3 W JE L, T LA R e R A2
YA TR AR ) X O 3000 5 Bl , Ay 1) 2 SRR A A 0
eI R e 2 NS N S BN PV SR < BT PN
RAR X+ B2 5 X B PR AR B R 3 245 K
T B AR

PE DR AR B 28 B I T 9T T R B A
JUA-AF 1 D S, SR T S A % 8 (1) B BRODR A 4 S A
IRIE 5 BOIR Bt JE 253k o IR G, AR SRR TR A
W J7 25 55 AR 2T Gl R X 3T 20 a A OC SCRRER A
RSP RS LN RN R S Y Rl NI DN
BB BB, OF 4 OR R (A% TR A TS BT h
Jrli) .

2 IR ERRNF &

21 HIEIE

BE R A B, R ) FROBR B AR B A
B, — e R I o B AT 04 T RS T T P
Z h A AR R o PR TR B B2 AR . Midn
1G5 0] 43 BRI AE 4 R TR B IR 2T
1 — S X3 BLAT Dy S AE R B L 1T O A 9 BE Bk A
B AT B B R RN AR R TR 4R RS B BERL AR
17T A A A 8, I T B [ P 8 sl A A —
SERRME, ma R DA BRI A AEE (&
VR SRR S, R T A Sk BRE R DR AR A A DU A o Y
FERARIR . AL, R T X I R RO R R
G3HTo
2.1.1 Aia B

AT R R 4R F 20 40 4R AR, K A IR #T
S B Bk R B R A BB JR Y . Frenkel
AR 1939~1981 AF it 1 S W 5T T 36 R
%] 2 i 5 (82 TR AR e B e (T AR ZE 90~3 000 m®)
(T8 BRI R , 45 S 3R B« [ A0k 75 B et B A
ZAE AR R DL | 1.83~2.05 m Y 5 B, A AT
IR R AR /L TE P A K PR — B B O 4R R 1Y
JA . Kadmon 25 F 1 B 82 1 /9 B3 5 A 40 A%
(ZS (A 43 F3 75 em) WF 58 1 Hb v i 25 2 307 L IX A
A 2R L1 2R AR 5 28 o 2R R A (T AR 2~3 m) 1Y
A . Becker %3 T RBIMIHAEN 4 (1:78 000)
WFFE T 482K LE I 5 b3 R LR} 2= (Kaokoland) “fil %

(AR 5~8 m) I IE il 25 18] 43 A ¢ iE S A% Jmy 2)
Ao Couteron 55" e F H 7 40 (4 AU FEUZ E H2 53 B
T VAR AT gk RV AL AR JE H R B AR Y R T R
DX 1L i R e s (R A% Ry, I 5 T A A 4 o A
YT E HRAR A A% Ry 4T T RL4 . Barbier 4R
Dy s i R B 55 17 )8 H 2R P4 B 3 AE A JR 1Y
B 25 A8 Ak, 45 H 3 B 28 0] 43 B 2 m i i 40 A ]
T2 10 m RBE R B A% R 9T o Strand 2 F
1 m =3 [] 43 P ST B 30T 9 [ 2% 3k far JH 1Y 7
IS TR 24 A vy D A 5% 7 R A (B e AR 2~9 m) Y
ey 1 TIN5 o T = YN | S S 5 K e D
DA B UG 3 A2 . Underwood 28/ B ] DL it
214 i 6 ARG AL CAVIRIS) ML 4A &% X Jin A
A JE T B A5 AR B T BEAT T BRI OY R L
] 3 2% 4 m, 1744~ U B 19 4 43 P S8 UAGOR I AG E
e o Kakembo™' 3 F R AL BG40 TrGAET
J 15 i 1 D AR B — N\ SR Sy T R K R
Odindi %™ 3 T 350 % 20 SN A G (25 18] 5 R
1 m) 42 BT m AR AR TF 38 44 B N AR T AR B 2 () A%
JRhA .

ZE b AR R IR X T B AR A A
A DX R 5% B R Bl R VR A% R T A B S 5
B RWATHEGRZ HAHE R, &HEHESROE (&
Mg o S5 A LIS, 5 RE R T T 8 R R AT B
HROBR A e S T, 0 Ak P A SR R S e #) A RS
B, TAERB R . — Ml , Wi KR 2 (8] 43 BF R 5,
A B HROR A e B AR B AR B . AR
HO 1% e B /D 0 T 5 PR A B b R 9 4 RN 4
a0 g A 8555 o

T ARk Bl & IR A JC AN B I8 SRR R 1 PR R
& B A A BRI TR KA
AT BEAR A B SRR A R A B R e, ]
5 28 e DG AL A AR5 Gk A B R RO L 45 0K
6 B A KA A B AR B R 2 =5 G A
B, e M I B A A B T2 W o Bryson
SR AR 2 JE AL AR R (25 18] 40 BE R 4 cm)
R T ASTH AP R0 4 4 . Koc—San 2 F G A
BLML A B8 52 B 7 M A RE Y B S A, B T
ST A ML AR (25 8] 43 B 2 cm) BF 5%
T EUb I Sk R R AR AR B2 IX PN A R R VS (]
W A5 4k o Zhang 5 & J& T —Fh AT UL I8 AALAR
FEMG (25 (8] 53 98 2 50 em) 45 B =158 988 74 /e 3 2L
E W0 AR 8 43 A AR SRR 7 o IR AR ST T T



414

X PR AR « BEHROCIR AR B o Bk ) T 5 0 Jig 27

ABLILAE AR (2510 43 BE AR 1.5 em) S 0T X BE X Hi
B AE B 7 T B R L ZS )4y A R AE o fR e R] DL R
%25 Jo AL 3 SR AR 1R A 5 T A 40 B
A B e bR A ol G 00 o L O . T AR
S, 5 R AR — R 2 A8 A )Y L]
e o R DE 42 | DL R A5 M T O 135 540 04 A X 4 5 0
— AT S A T LA LG BE B bR A e A T e T I
1) 32 B n) B 22—
212 TE2EAYL

Bl & b2 90 A AR 1 FH i 4 B R T AL 3 IR
14 T Rk 22 (0% B HR R AT ol A5 0 ) P A R
TR BE AR O T R AF 5T . Liu & % 3R
Landsat 7 ETM+ £ %3k KHE (Al & J5 B4 25 1] 4
BE 15 m) , 45 A IS W ISCREE TE B T DL AT b Ky
U5 0] = A DB AR 10 28 [ Pl e B e (T AR 115~
1200 m*). Taylor %"/ I T Landsat TM (%5 [f] 3
B 30 m) ,QuickBird( %3 [ 43 HE K 2.4 m) \SPOT 5
PR (22 8] 43 B 10 m) S22 PH 4 K BE & B
Landsat TM i & FH A6 I e 25 1) T 28 7%, B3 G i
53 HE AN B R L 2s [8] r BE R, Lin 55
FIFH SPOT 5l & G (25 [0 3 HE 2 2.5 m) L2 2
BT # = A N R R Bk . Zhang 257 HL 4%
T SPOT 5t EI& (25 0] 43 B4 2.5 m) JALOS 1.
A RB (a2 R 25 m) MEER =5 K%
(73 8] 43 B 2% 5.8 m) 2 [ JF A 9k B B DU 66 ), &
M SPOT 5 il & EIZ UGG B i &, ALOS fil & K]
15 UG B f R . Boggs™ & LA H SPOT 5 0 &
FIZ (23 8] 43 BE % 2.5 m) BB 3Rk 15 5 QuickBird T AL &
8 (23 6] 43 B4 60 cm ) AHBL A 7 i 20 5t rh ) ) 2
R EREE . Lin & g 7 b E b BR IR T AL 04
£ (CBERS-04, % [ 43 HE R 5 m) (54> — 5 LA
(GF-1, = [ 4r#% 2 m) (& 50 — 5 TR (GF-2,%
] 43 B 2% 0.8 m) 4> (0 15 25 15 I A1 BiF B 37301 g
J1, k&3 CBERS-04 & & K {3 5 GF-1 4= {8 KR iR
S8 A, T R 2 TR R A B R 0 R Y
R AT SO 40 ) R I, GF -2 4> (0 A% % % i .
Wang % F| F§ PALSAR ( 25 [a] 4% #% % 25 m) fl
Landsat (25 [f] 43 ¥ % 30 m) B 43 #F T 1984~2010
AR A AR A AR 21 -2 T R b 36 KB R i R
Fernandes 2" [ 4 WorldView—2 & 4 ¥ R T E &
B (84N B, 25 8] 43 B 38 2 m) FUA 40 A (4 4 ik
B, 23 06] 43 HE R 50 em) PR AT I 25 43 A 1Y g
% B WorldView—2 B & HA B & 1 245 77 1 BLE 4

i SRS B, 224 J) R 40 ) P B o R S Y
AT AR P 5 0 32 A

Ry T G Ml A T B HRCRR A B 0 8 BRI R
B AR 0 D5 sk A R A0 BB de i R )
B AR 4SS & . Laliberte 287 25 & F H
1937~1996 4 11 5 M4 B 45 (=5 [a] 43 HF 2 86 cm) FI
2003 4F 1 5t QuickBird T F% (%5 8] 43 #E % 60 cm)
S3 AT T T 5 PG AN AR E AT R AR AL B . Shek-
ede %5 L5 A R 22 i AR A HA B (1220 000) F 5
7 HER GeoEye T AL IR B 5 (Z M 0 HE% 1.64 m)
ST T BEHCIR R AR A Y B R AR A T AT A
B S At

R 5T 2 WA B A 40 A 8K AR AR U
AR 5 AN MR A3 S AT R 1A A
AL W B R MAEE B A
Gy BT T 22 i AH T JE B BE HCR AR B R 5 fg
Liu % 098 & B R AR, 5 2 & RRERM
KR, R AR Z 1 CBERS-04 (25 [8] 43 9
K5 m) R AP BN RIS e, 2 BT R G
Y1 G 1 I, L R4 Z 26 UNDRS B e fR .

ZE Bl T 0.5 m* #1200 m* AR A Y BE Bk
SPRAT 328 ARG U A 154, 4% (8] 4 B SR A T 30 m B it 40
T3 3 SR S WA JBU Y o 24 45 [R) 43 AR T B
PG I B 1) 65 3 TR (5L 0 3 3k B o Pl A %o T
B A ) S o B R b s ) 4 MR
(Y 53 (8] 43 B 300 J BE Btk Bl R 7 e P
75 25 18] 43 P ST A6 I0ORS 4 = A BR L 3 n ot i
P B, An B X A SRR Y 41 5 0k B BE A RIX 4
A, DT it o BRE R R A e 1 A RS ) L 2 FR A Y
B A A B T 52 5 B HOR M BB B RS . 5
WA S AR L, TR 18 B HL A Y R R, T
XeF R Bl 11 ) — DX 22 Uk AR, 5040 R A 38 AR B
ik, A0 — Bl 3 F AR 2 8 AHLAT 0 1 £ 6
TG O TR R S AR A A B R
FiA, BE OGS TR IR R M R R O
18CRE 2 1 ok i 22 by 1 B B R A 10 A
22 WA E

BE P RO e 3 SRS DNy v B A R R Y K&
JET A . U ik 3 B PR E A HLAC
1 g5 3Ok AT BE B A g A B AR BT i
I3 3000 T AL DA AT 6 PR A5 3 BB R TR A by T AR &
fa BN XAy R 2R ) TR R K B T
BLEE AR W E 25, 8507 G A BB R 1 32 1 A=, ik



28

G
2t
RE
NE

36 &

BAE B bR A 228 S T 11 32 9
2.2.1 AT aebhm ik

HEF BT kR e, REBOke 4%
B RN TR b i R B AR A B AR, W ENVILER-
DAS IMAGINE ,PCI Geomatics % , % i 7 A
Ik WE B o 25 O ik kAR [ 412U S B B ik (1SO-
DATA) K- ¥ (K-Mean) , W58 7028 J7 ¥ dn &
K AL 9K ¥ (Maximum Likelihood Method) | 5 ##f v
(Decision Tree) | > £ [7] i #l (Support Vector Ma-
chine) . /NI 7% # (Wavelet Transform) . B HL £ #k
(Random Forest )& 3k 45

Liu % 3t F CBERS-04,GF-1 fl GF-2 4 {1,
PR 38 F K- (E 2 R AT 1 2 [ % il gk B e $t B
I8, B T S U R I 45 R . Kadmon %5 ) F f
T ABNER 12 7 T 45 T A O S B A A1 T 5 o S A
TENFEREM 325 . Backes %" F) i i KBl SR 35 ok
177 & B BEHAT I, & B QuickBird 52448 7T LA HI >k
P B8 2 FOBE B, X T E T v 4 R BE L ) BE
AR Odindi %% 3 T 5 K AbL4R ¥ X 85 20 B R R L1
SN AR T B T A Bl IS BOROE UE AT T A
5 R, AR K Kappa R BUE 4 0.85, Liu ™3 T
CBERS-04 2 i3 4% i 3 1) 28 1 A4 e 5 13 0 4
J3E 843 AR T TR SRR A3 S I A B b AR T 28
% Al B BE B, ofE R 7 R F (E 4 0 R
60.3% .56.8% F10.588, Wang %" i it 43 51 44 7
FRMRH S R PRORA AT AR 53 25 D SRR e 2 1 T A
7 SRR AR, RS BE 1k 96 %0 . DR SR G R /N B A BR
JE R W 7 8 28 LT 0 40 AR b il A 8 A ik
Strand 58" HLHE T 4k S 1R T AFIE /N AR 4 5 K
JEE I (1 2 G T A0 P A5 v 18 R S0RS | & /N U A
25 R e, B 5 2 =PI gm ., W
Haar /)N 4 G 77 46 0 E M BE Bk 1) 31 215 B, Shek-
ede %5 M F Haar /N I 28 #4650 7 3 A 47 2 .
Liu %53 T £ Z 4 CBERS-04 #1419 4 6% %
BeRE — {4l B B0 A R 3E Bt AT T B AL AR
e s s ISR e b 1 & N <]
SR BE 3K 980, 3~10 H 4 A SEAR KR 2 2K B 35
9994 , 5 J2 25 [ T A e BXE e 114 500 4 A B A o
2% A R FAE 23 518 66.3% .43.9% F10.528,
T B A7 B HUIR A B B K % 5
2.2.2 ATt ek

BE & = 5 B R 8 B AR AN T R Bk T
LR STHRA N EATE | By a0 I = TN L2 W]

FETAR T 3 2073k N T o R AR 2 i
BSOS R BRI BT, O T T IR X — ),
TG0 7 1k s AR R ANRE I X S 9 2 ]
15 80, 7 HL e A 15 S0 T 25 R 2 i) A B R S
B MeGlynn S8 ) I 3 F X% 42 09 J7 i F0 w4
BRI AR T VE N 1 23 8] 4 A R SR AR SR
Levin 28] FH 3 F X5 42 10 J5 35 Al 4 J5 19 SPOT 5
PG (25 18] 23 95 2R 2.5 m) Y0 T B A A T 5500 b 7
AROBE B AR SE B, B K BE R 8026~90% .
Boggs"" HL A T 3 FA% o0 1Y U3 — Ak A 4 15 500 (i %
I T XG0k, BT X 20 SPOT 5518
B e P T 1 T e AR AR A O B T
6 JRy R AE Y B 5E A RORS BE AE 7200~81% Z ] .
Browning 25"V F) 5 T %S0 5 2 I T AR
BF N B BC BC 7P 3 ( Chihuahuan Desert) 7 M\ ) i 23 30
ALY BRE BE T 90% . Fernandes 45
BT WorldView—2 5218 F) HI 3 T X 4 19 J5 25 i 2
R 7] 2R B R Y AT REVE o Zhang 8RR I 5
TR T SPOT 5 ALOS f I =%
AR 25 I T R W BE B B BE 1, RS B 4 B oA
75%~84% .25%~35% .72%~83% .

AN HE AR E TR T I TR T T X 4
V18 ARG 0 5 7 BRE e bR A 4 T A5 R 1 L R A A (RO
RIKBG— 458 . GhoshZE 7 IR T 4T World-
View—2 545, F FH 3 A5 00 1 e KA SR 1 43 25 45
e FAR T 5 X G0 SRR ) Sk AL AN B B AR bR 4 25 2
50 B HRAT 7 1 BE 7, K BLEE TR B0 i A
KB T AR T Y O vk L X B0 SRR )
WML R T Rm R, B E R 91% ., Cas-
tillejo~Gonzalez 55" F| F§ QuickBird $# 1% , WAl T %
FAR 0N T X 0 75 B o BBk OB AT /S A
GBS e RALAR G5 A ] 1 SCH ) i AL L2k
S B ) K T /N 2 A B e S BB A RE T, R
L TR T AL T X 00 B TG BE 25 A 32 R ) £ AL
YRR T B AT o S R AORS B A 80 Y0~
99% Z Il . Liu %" g T3 F 1490t m K- ¥ E %
I F 6 G210 34 B4y 2 2% 0 25 R A ik Bt
Pyl 45 B, & B PR 5 12 0 G RS 32 B AR AH Y
Shi %7 HUBE T 3 FAZ I0 11 Bl AL AR AORIT 36 F X 21
SCHE ) ML 25 TR O A B B U 25 2R R B
XoF G 11 1 SRR DN A K 2 AR LY v AR T
FEFAR TT I J5 T3 A R I AR A K R AR U = A
SEAR ;MR 1 B G SRR 1) AL T I o 2SR B



414

X PR AR « BEHROCIR AR B o Bk ) T 5 0 Jig 29

Wim s SETX R IEML, B TAoui ks
5y 5 BN Z=T R
223 ATHEFENTE

BE PR A8 p B A PR B A RRAE R 0 02 BR
AR TR SRR (5 I S (5 A B Bk, L T AT LA
JH 55 H At A B R0 4 b 55 2R RUIE S A 25 ok
HEATHEM . Perez &5 F F 2% F1JE 25 43 A7 B A 42
BT 22 WA py 2y SR . Strand 5 Fll Shekede
S ORI /0N Ik AR 4 1 AT BE BODR R B 4R B, 2 R
T BEHCIRAE B BUE B g B RO R A TS
ZREE I /N SR, Vogt R T T E AL +
M B 5 PR R TR 38 2 0 G A 31 5 ik R T
BT 2 A% Ry o Liu 58 F ] Canny 31 2% K il
BAL - FIUARG 35K B2 0 = 48 A, L HI N AL OS 1w 43 B 32 5%
8 R T R BB e R RS 89 %0 . Liu %]
FHELCE TG 255 07 1 s T R D7 8 YT = A DI %% A
VA B, R0 BE 93,496 . R PR AR TR F R IE =
5 TR EMG, R IRNEE R S A8 vk iRl 1 25 18]
TEHE B P R A BE Ry 8400, L A T K- {H 5 4
KHORYT .

ZE LRI, BT T B S e 2R A B HOIR AR
B R /NFIZE R A5 5 T 22 S, B TROT I ik AR
TX R I T IR Ik S & M or 2L a8 1
I B B R0 i 1 JE RS TN 8 7 B bl A 45 R RO A
[, X WAEUE T Fassnacht %5 B BF 98 45 3 . 24 fiF
T SRR A T R 43 2 A% S BB R RS TN H A 1 43 BE
B N N T 5 Mt J B 2o L N R T B |7/
B, R, Y BE IR A B 2z R BEOR A B 5
LI 785 AH S AH B 5 A 0 RS V17 00 I, B IR A 9
TR TR B g A B ek A7 4 H s L Pk
(R oI U O 7 o 5 A NI A (o e TR
S R A BT A A T A T N R
LB B AT 43 K U AR AR K U AR 4 K
SR MDA TR R S AR T AR SR IR
S50 S5 Jre 1 B O B K 2 A B 7 G A BEE i —
JE T I T B R A B 28 A I

5 % B

“a

BEHOIRAE PR T R T R X R
WU S5 K o B Z PRI b DL SR A .
MR Y ZREPE R AR R B S R AR
Ui Az b e B DRI 7 B 1k 8 R 3 U 2K A5 ) RE T 32
BN JIZ G o BEHOIRAE B O3 A e H =S ) A% Jmy R AR

G I 2 F 9 B B R B B R B R AL Y B
fith o B BT 9 8 BRI 9 LR TR HE AR . B
JUH4E 1 Dy s, Bl A 2 SRR 4i A 5 v Y T 4R
BE B R A Bl SR I BRSO . NS
KT, A Sk 1) B B R A e A6 I 5 L DA £ i AN vk
5 T HEAT GER -

(1) ey o o 3 A A AR B, N H i A B 9 25 3
KF G B G 8 G 4 B R A BE PR
PR DU b L R =S 1) oy B R B, TR R
25 [8] 43 HE R B [ B 55 B2 i R 6 o R
PR AT 5 TR A R UL U AT A s G A AL A
4 B AR AN, AE 60 km W T8 Fl1 30 m 23 [a] 43 B
B RN 3§ N S A R S AN N o8 Ll
(400~2 500 nm) 330 > ¢ B &, % T A K DL B R
JE I B R AR R DU 2 A B AW O 0 A R
WorldView-2 (25 [a] 43 #¥ % 0.46 m) . WorldView-3
(ZS [ 43 9% 0.31 m) TR BG HA 5 2 8] 4y P
[F] Bf EL AT 8 A~ 22 3 il B, JH: v A 5 Ok AT B AUk Y
LU B, B Ay NS PR B A ) PR
(2m/8 m) , [R] i 7 AT UL 3T 21 40 BE 3G in 1 2130 A
B U B, X R R B4 BRE B bR G 0 R 1 2
PEAE A B UR . B A IR S JE NP SR R g PR
R FNZ W K, Wiz A TS LR T AN
Wk B 25 A BEHUIRAE B 1963 S 2SR
JEE A RRAE B i G RS B

(2) 5 Ak BR 2 B 500k 5T, v iR b 1 B B
R % T BORY R DU RS B O S A Te) . B R ES a E
FE AR Z 0 T B SR A T AR 200 Y B
W IRJE (I8 TR R, BLA 19 4 F B0k AR AE S o
R R] AL 3 T B R R R O 1 5O B T vk AT
P, IR S E R . Har, A R
FHUR BE 27 ) Bk A7 BG4 IR o, ARy — A
AT ) R A Y

2 % 3k (References) :

[1] Tschinkel W R. The Life Cycle and Life Span of Namibian
Fairy Circles [J]. PLoS One, 2012, 7 (6) : e38056. doi:
10.1371/journal.pone.0038056.

[2] Bordeu I, Clerc M, Couteron P, et al. Self-replication of Lo~
calized Vegetation Patches in Scarce Environments[J]. Scien-
tific Reports, 2016, 6: 33703. doi: 10.1038/srep33703.

[3] LiuQ, Liu G, Huang C, et al. Soil Physicochemical Proper-
ties Associated with Quasi—circular Vegetation Patches in the
Yellow River Delta, China [J]. Geoderma, 2019, 337:
202-214.

[4] Rietkerk M, Dekker S C, De Ruiter P C, et al. Self-orga-



30

36 %

[5]

[7]

[8]

[9]

[11]

[14]

nized Patchiness and Catastrophic Shifts in Ecosystems [J].
Science, 2004, 305: 1926-1929.

Ravi S, D’ Odorico P, Wang L, et a/. Form and Function of
Grass Ring Patterns in Arid Grasslands: The Role of Abiotic
Controls[J]. Oecologia, 2008, 158: 545-555.

Du Jianhui, Yan Ping, Dong Yuxiang. Water Driving Mecha-
nism of Patched Vegetation Formation in Arid Areas: A Re-
view [J]. Chinese Journal of Ecology, 2012, 31(8): 2137~
2144 [ Kt £, 07, B R AE . T 5L IXCBE HOIR AR B A% R TR
JCE AR S SRS AL B T R (D], AR 2 ep Ak, 2012, 31
(8):2137-2144.]

Martinez-Garcia R, Calabrese ] M, Hernandez-Garcia E, et
al. Vegetation Pattern Formation in Semiarid Systems With-
out Facilitative Mechanisms [J]. Geophysical Research Let-
ters, 2013, 40: 6143-6147.

Bonanomi G, Incerti G, Stinca A, et al. Ring Formation in
Clonal Plants[ J]. Community Ecology, 2014, 15(1): 77-86.

Getzin S, Wiegand K, Wiegand T, ez a/. Clarifying Misunder-
standings Regarding Vegetation Self-organisation and Spatial
Patterns of Fairy Circles in Namibia: A Response to Recent
Termite Hypotheses[J]. Ecological Entomology, 2015, 40:
669-675.

Liu Qingsheng, Liu Gaohuan, Huang Chong, e al. Remote
Sensing Analysis on the Spatial-temporal Dynamics of Quasi—
circular Vegetation Patches in the Modern Yellow River Del-
ta, China[J]. Remote Sensing Technology and Application,
2016, 31(2) - 349-358. [ KUY/, X, #EH0, 45 BUAUHE
7 = A P 28 I O A 4 B e I 2 ) 25 k8 A i (). 38 IR R
SR, 2016, 31(2): 349-358.]

Trodd N M, Dougill A J. Monitoring Vegetation Dynamics in
Semi—arid African Rangelands: Use and Limiations of Earth
Observation Data to Characterize Vegetation Structure [J].
Applied Geography, 1998, 18(4): 315-330.

Underwood E C, Ustin S L., Ramirez C M. A Comparison of
Spatial and Spectral Image Resolution for Mapping Invasive
Plants in Coastal California[J]. Environmental Management,
2007, 39(1): 63-83.

Liu Q, Liu, G, Huang C, et al. Using SPOT 5 Fusion-ready
Imagery to Detect Chinese Tamarisk (Saltcedar) with Mathe-
matical Morphological Method [J]. International Journal of
Digital Earth, 2014, 7(3): 217-228.

Von Hardenberg J, Kletter A Y, Yizhag H, ez al. Periodic
Versus Scale-free Patterns in Dryland Vegetation [J].
ceedings of The Royal Society B, 2010, 277 (1688) : 1771~
1776.

Kadmon R, Harari-Kremer R. Studying Long-term Vegeta-

Pro-

tion Dynamics Using Digital Processing of Historical Aerial
Photographs[J]. Remote Sensing of Environment, 1999, 68:
164-176.

Couteron P, Lejeune O. Periodic Spotted Patterns in Semi—ar-
id Vegetation Explained by a Propagation—inhibition Model
[J]. Journal of Ecology, 2001, 89: 616-628.

Frenkel R E, Boss T R. Introduction, Establishment and
Spread of Spartina Patens on Cox Island, Siuslaw Estuary,
Oregon[J]. Wetlands, 1988, 8: 33-49.

Becker T, Getzin S. The Fairy Circles of Kaokoland (North—
West Namibia) Origin, Distribution, and Characteristics [ J].

[20]

[22]

[24]

[26]

[28]

[29]

Basic and Applied Ecology, 2000, 1(2): 149-159.

Barbier N, Couteron P, Lejoly J, et al. Self-organized Vege-
tation Patterning as a Fingerprint of Climate and Human Im-
pact on Semi-arid Ecosystems[J]. Journal of Ecology, 2006,
94 537-547.

Strand E K, Smith A M S, Bunting S C, et al. Wavelet Esti-
mation of Plant Spatial Patterns in Multitemporal Aerial Pho-
tography [ J]. International Journal of Remote Sensing, 2006,
27(10) : 2049-2054.

Kakembo V. Vegetation Patchiness and Implications for Land-
scape Function: The Case of Pteronia Incana Invader Species
in Ngqushwa Rural Municipality, Eastern Cape, South Africa
[J]. Catena, 2009, 77: 180-186.

Odindi J O, Kakembo V. Comparison of Pixel and Sub—pixel
based Techniques to Separate Pteronia Incana Invaded Areas
Using Multi-temporal High-resolution Imagery[J]. Journal of
Applied Remote Sensing, 2009, 3: 033545. doi: 10.1117/
1.3229983.

Bryson M, Reid A, Ramos F, ez al. Airborne Vision—based
Mapping and Classification of Large Farmland Environments
[T]. Journal of Field Robotics, 2010, 27(5): 639-655.
Koc-san D, Selim S. Aslan N, et al. Automatic Citrus Tree
Extraction from UAV Images and Digital Surface Models Us-
ing Circular Hough Transform[J]. Computers and Electronics
in Agriculture, 2018, 150: 289-301.

Qiu Yannin, Ren Shiyu, Wang Xin. ez a/. The Spatial Dynam-
ics of Vegetation Revealed by Unmanned Aerial Vehicles Im-
ages in a Straw-checkerboards—based Ecological Restoration
ArealJ]. Acta Ecologica Sinica, 2019, 39(24) : 1-10.[ It 3
TLALMEE, E 8,5 BT IRANUEAR A E AR LKA X
w23 1) 4% R i AL BF 58 [T, AR %4k, 2019, 39(24) .
1-10.]

Zhang X, Zhang F, Qi Y, et al. New Research Methods for
Vegetation Information Extraction based on Visible Light Re-
mote Sensing Images from an Unmanned Aerial Vehicle
(UAV) [J]. International Journal of Applied Earth Observa-
tion and Geoinformation, 2019, 78: 215-226.

Zhang Heyu, Guan Wenke, Li Zhipeng, ez al. Research on
Vegetation Coverage and Spatial Distribution Characteristics
in Gobi Region based on UAV Image [J]. Journal of Arid
Land Resources and Environment, 2020, 34 (2) : 161-167.
[SRFEE, & 3CHT, 2508, 55 . B T I8 AN AR 1 2 BE XA
B (] 0 A FRAE RO B m R [T]. TR X EES
EE, 2020, 34(2): 161-167.]

Liu Q, Liu G, Huang C, ez al. Monitoring Vegetation Recov-
ery at Abandoned Land[C]//The 8th International Congress
on Image and Signal Processing (CISP 2015) , Shenyang,
2015: 88-92.

Taylor S, Kumar L., Reid N. Accuracy Comparison of Quick-
bird, Landsat TM and SPOT 5 Imagery for Lantana Camara
Mapping[J]. 2011, Journal of Spatial Science, 2011, 56(2) :
241-252.

Zhang Y, Liu Q, Liu G, ez al. Mapping of Circular or Ellipti-
cal Vegetation Community Patches: A Comparative Use of
SPOT-5, ALOS and ZY-3 Imagery[C]// The 8th Interna-
tional Congress on Image and Signal Processing (CISP
2015), Shenyang, 2015: 666-671.



14

X PR AR « BEHROCIR AR B o Bk ) T 5 0 Jig 31

[36]

[38]

[40]

[41]

[42]

Boggs G S. Assessment of SPOT 5 and QuickBird Remotely
Sensed Imagery for Mapping Tree Cover in Savannas[J]. In-
ternational Journal of Applied Earth Observation and Geoinfor-
mation, 2010, 12: 217-224.

Liu Q, Huang C, Liu G, et a/. Comparison of CBERS-04,
GF-1, and GF-2 Satellite Panchromatic Images for Mapping
Quasi—Circular Vegetation Patches in the Yellow River Delta,
China [J]. 2018, 18: 2733. doi: 10.3390/
$18082733.

Wang J, Xiao X, Qin Y, et al. Characterizing the Encroach-

Sensors,

ment of Juniper Forests into Sub—humid and Semi-arid Prai-
ries from 1984 to 2010 Using PALSAR and Landsat Data[ J].
Remote Sensing of Environment, 2018, 205: 166-179.
Fernandes M R, Aguiar F C, Silva] M N, et al. Optimal At~
tributes for the Object based Detection of Giant Reed in Ripari-
an Habitats: A Comparative Study between Airborne High
Spatial Resolution and WorldView-2 Imagery [J]. Journal of
Applied Earth Observation and Geoinformation, 2014, 32:
79-91.

Laliberte A'S, Rango A, Havstad K M, ez al. Object—orient-
ed Image Analysis for Mapping Shrub Encroachment from
1937 to 2003 in Southern New Mexico[ J]. Remote Sensing of
Environment, 2004, 93: 198-210.

Shekede M D, Murwira A, Masocha M. Wavelet-based De-
tection of Bush Encroachment in a Savanna Using Multi-Tem-
poral Aerial Photographs and Satellite Imagery [J]. Interna-
tional Journal of Applied Earth Observation and Geoinforma-
tion, 2015, 35: 209-216.

LiD, Ke Y H, Gong H, et al. Object-based Urban Tree Spe-
cies Classification Using Bi-temporal WorldView-2 and
WorldView-3 Images[J]. Remote Sensing, 2015, 7: 16917~
16937. doi: 10.3390/rs71215861.

Karlson M, Ostwald M, Reese H, ez al. Assessing the Poten-
tial of Multi-seasonal WorldView-2 Imagery for Mapping
West African Agroforstry Tree Species[J]. International Jour-
nal of Applied Earth Observation and Geoinformation, 2016,
50: 80-88.

Clark M L, Buck-Diaz J, Evens J. Mapping of Forest Alli-
ance with Simulated Multi-seasonal Hyperspectral Satellite
Imagery [J]. Remote Sensing of Environment, 2018, 210:
490-507.

Hutt C, Koppe W, Miao Y X, et al. Best Accuracy Land
Use/Land Cover (LULC) Classification to Derive Crop
Types Using Multitemporal, Multisensor, and Multi—polariza-
tion SAR Satellite Images [J]. Remote Sensing, 2016, 8:
684. doi: 10.3390/rs8080684.

Zhao Y Y, Feng D L, Yu L, et al. Detailed Dynamic Land
Cover Mapping of Chile: Accuracy Improvement by Integrat-
ing Multi-temporal Data [J]. Remote Sensing of Environ-
ment, 2016, 183: 170-185.

Islam K, Jashimuddin M, Nath B, ez a/. Land Use Classifica-
tion and Change Detection by Using Multi-temporal Remotely
Sensed Imagery: The Case of Chunati Wildlife Sancturay,
Bangladesh[J]. The Egyptian Journal of Remote Sensing and
Space Sciences, 2018, 21: 37-47.

Liu Q, Song H, Liu G, et al. Evaluating the Potential of
Multi-Seasonal CBERS-04 Imagery for Mapping the Quasi—

[44]

[48]

Circular Vegetation Patches in the Yellow River Delta Using
Random Forest[J]. Remote Sensing, 2019, 11: 1216. doi:
10.3390/rs11101216.

Albrecht C F, Joubert J J, De Rycke P H. Origin of the Enig-
matic, Circular, Barren Patches ( ‘Fairy Rings’) of the Pro-
Namib [J]. South African Journal of Science, 2001, 97:
23-27.

Backes M, Jacobi J. Classification of Weed Patches in Quick-
Bird Images: Verification by Ground Truth Data[J]. EAR-
SeL. eProceedings, 2006, 5: 173-179.

Liu Q. Using the CBERS-04 Multispectral Data Tasseled
Cap Transformation to Detect the Quasi—Circular Vegetation
Patches [C]// IEEE International Geoscience and Remote
Sensing Symposium (IGARSS 2019) , Yokohama, Japan,
2019: 3708-3711.

Castillejo-Gonzalez I L., Pena-Barragan ] M, Jurado-Exposi-
to M, et al. Evaluation of Pixel- and Object—based Approach-
es for Mapping Wild Oat (Avena sterilis) Weed Patches in
Wheat Fields Using QuickBird Imagery for Site-Specific Man-
agement[ J|.European Journal of Agronomy,2014,59:57-66.
Mafanya M, Tsele P, Botai J, ez al. Evaluating Pixel and Ob-
ject Based Image Classification Techniques for Mapping Plant
Invasions from UAV Derived Aerial Imagery: Harrisia Poma-
nensis as a Case Study[J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2017, 129: 1-11.

McGlynn I, Okin G S. Characterization of Shrub Distribution
Using High Spatial Resolution Remote Sensing: Ecosystem
Implications for a Former Chihuahuan Desert Grassland. Re-
mote Sensing of Environment, 2006, 101: 554-566.

Levin N, Mcalpine C, Phinn S, ez a/. Mapping Forest Patch-
es and Scattered Trees from SPOT Images and Testing Their
Ecological Importance for Woodland Birds in a Fragmented
Agricultural Landscape [J]. International Journal of Remote
Sensing, 2009, 30(12): 3147-3169.

Browning D M, Laliberte A S, Rango A. Temporal Dynam-
ics of Shrub Proliferation: Linking Patches to Landscapes[J].
International Journal of Geographical Information Science,
2011, 25(6): 913-930.

Ghosh A, Joshi P K. A Comparison of Selected Classification
Algorithms for Mapping Bamboo Patches in Lower Gangetic
Plains Using Very High Resolution WorldView 2 Imagery[J].
International Journal of Applied Earth Observation and Geoin-
formation, 2014, 26: 298-311.

Shi L, Liu Q, Huang C, et a/. Comparing Pixel-based Ran-
dom Forest and the Object-based Support Vector Machine
Approaches to Map the Quasi—circular Vegetation Patches Us-
ing Individual Seasonal Fused GF-1 Imagery [J]. IEEE Ac-
cess, 2020, 8, 228955-228966. doi: 10.1109/ACCESS. 2020.
3045057.

Perez A J, Lopez F, Benlloch ] V, et al. Colour and Shape
Analysis Techniques for Weed Detection in Cereal Fields[J].
Computers and Electronics in Agriculture, 2000, 25 (3) :
197-212.

Vogt P, Riitters K H, Estreguil C, et a/. Mapping Spatial
Patterns with Morphological Image Processing[J]. Landscape
Ecology, 2007, 22: 171-177.

Liu Q, Liu G, Huang C, e al. Using ALOS High Spatial



32 R I S S B VA 5 36 %
Resolution Image to Detect Vegetation Patches [J]. Procedia tion and Classification of Cytological Cells Based on Multi—fea-
Environmental Sciences, 2011, 10: 896-901. tures Clustering and Chain Splitting Model[J]. Journal of Bio-

[57] Liu Qingsheng, Zhang Yunjie, Liu Gaohuan, et al. Compari- medical Engineering, 2017, 34(4) : 614-621.[ F &, X &
son of Different Spatial Resolution Images of ZY -3 Satellite to . BI85 2R RIS 5 R % 43 B9 580 0% 240 i 3k v R
Patch Vegetation Detection [J]. Bulletin of Surveying and BB 5o 1] A ES TRERE, 2017, 34(4) :
Mapping, 2014(11) : 16-20.[ X P&, K #6#, X &b, % 614-621.]

PR = LB A [ 25 [i) 43 3 PR B0 HR AL WA T L AT 5 [63] Wang Ya. Adaptive Marked Watershed Segmentation Algo-
[J]. 24, 2014(11): 16-20.] rithm for Red Blood Cell Images [J]. Journal of Image and

[58] Fassnacht E E, Latifi H, Sterenczak K, ez a/. A Review of Graphics, 2017, 22(12): 1779-1787.[ F Il . 1. % 21 40 g &
Studies on Tree Species Classification from Remotely Sensed 1% [ 38 N FRIE 4y K I 4 B BE (D], E B R E B ),
Data[ J]. Remote Sensing of Environment, 2016, 186: 64-87. 2017, 22(12): 1779-1787.]

[59] Jing L, Hu B, Noland T, ez a/. An Individual Tree Crown [64] Roerdink J B T M, Meijster A. The Watershed Transform:
Delineation Method based on Multi-scale Segmentation of Im- Definitions, Algorithms and Parallelization Strategies[ J]. Fun-
agery [J]. ISPRS Journal of Photogrammetry and Remote damenta Informaticae, 2001, 41.: 187-228.

Sensing, 2012, 70: 88-98. [65] Sharma A K, Bala A. Maker based Watershed Transforma-

[60] Guo Yushan, Liu Qingsheng, Liu Gaohuan, ez a/. Individual tion for Image Segmentation[J]. International Journal of Com-
Tree Crown Extraction of High Resolution Image Based on puter Science Engineering and Information Technology Re-
Marker—controlled Watershed Segmentation Method [ J]. Jour- search, 2013, 3(4): 187-192.
nal of Geo-information Sciences, 2016, 18(9) : 1259-1266. [66] Dzyubachyk O, Van Cappellen W, Essers J, ez al. Advanced
[ EAZ, XU pcA:, XM, 45 . e F AR ic 45 i 43 /K 08 4331 0 Level Set-based Cell Tracking in Time-lapse Fluorescence
T o PR AR B AR AR AR [T ], R AR ERL 2R Microscopy [J]. IEEE Transactions on Medical Imaging,
%, 2016, 18(9): 1259-1266.] 2010, 29: 852-867.

[61] Yang Huihua, Zhao Lingling, Pan Xipeng, et al. Overlapping [67] Liao M, Zhao Y, Li X, et al. Automatic Segmentation for
Cell Segmentation based on Level Set and Concave Area De- Cell Images based on Bottleneck Detection and Ellipse Fitting
tection [J]. Journal of Beijing University of Posts and Tele- [J]. Neurocomputing, 2016, 173: 615-622.
communications, 2016, 39(6): 11-16.[ B g4, KB, & [68] Molnar C, Jermyn I H, Kato Z, et al. Accurate Morphology
YT, A BT KOTSRS I ) K 3 A0 I 43 T ik Preserving Segmentation of Overlapping Cells based on Ac-
[J]. demtlp R 2% 2% 4, 2016, 39(6): 11-16.] tive Contours [J]. Scientific Reports, 2016, 6: 32412. doi:

[62] Wang Pin, Liu Qiangian, Wang Lirui, ez al. ITmage Segmenta- 10.1038/srep32412.

Review of Patch Vegetation Detection from Remotely Sensed Data
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Abstract: Patch vegetation is a common landscape type in arid and semi—arid areas in the world. To detect patch
vegetation using remotely sensed images is important for studying its pattern formation, function, and succes-
sion mechanisms, and understanding its impact on the ecohydrological processes in arid and semi-arid areas.
This article reviews the current status of patch vegetation detection based on remote sensing technology, includ-
ing remotely sensed data source such as aerial photographs and high—resolution satellite images, and application
of detection approaches from pixel-based, object—based, and morphology—based methods, respectively. It is
pointed out that the image quality, acquisition date of imagery, and the composition and structure of vegetation
patch have an important influence on the classification of vegetation patch. For the overlapping patches, a better
image segmentation algorithm is needed to be applied for improving detection accuracy. Finally, the research di-
rections of remote sensing detection of vegetation patch are suggested in order to provide reference for monitor-
ing patch vegetation patterns and dynamics in the future, including an application of high—spatial and spectral sat-
ellite remotely sensed imagery and unmanned aerial vehicle, and the development of more advanced image seg-
mentation algorithms.

Key words: Patch vegetation; Aerial photograph; Satellite imagery ; Detection methods



